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Abstract:  We address the problem of portfolio management in the international bond markets.
Interest rate risk in the local market, exchange rate volatility across markets, and decisions for
hedging currency risk are integral parts of this problem.  The paper develops a stochastic
programming optimization model for integrating these decisions in a common framework.
Monte Carlo simulation procedures, calibrated using historical observations of volatility and
correlation data, generate jointly scenarios of interest and exchange rates.  The decision
maker’s risk tolerance is incorporated through a utility function, and additional views on
market outlook can also be incorporated in the form of user specified scenarios.  The model
prescribes optimal asset allocation among the different markets and determines bond-picking
decisions and appropriate hedging ratios.  Therefore several interrelated decisions are cast in
a common framework, while in the past these issues were addressed separately.  Empirical
results illustrate the efficacy of the simulation models in capturing the uncertainties of the
Salomon Brothers international bond market index. ,QWURGXFWLRQ
'RHV LQWHUQDWLRQDO GLYHUVLnFDWLRQ SD\" 7KLV TXHVWLRQ KDV EHHQ DQVZHUHG DpU
PDWLYHO\ VLQFH WKH 
V ZKHQ LW ZDV nUVW DGGUHVVHG LQ DQ DUWLFOH E\ *UXEHO
 6HYHUDO DXWKRUV KDYH VKRZQ WKDW LQWHUQDWLRQDO PDUNHWV DUH VXpFLHQWO\
XQFRUUHODWHG VR WKDW SRUWIROLR ULVNV FDQ EH UHGXFHG E\ D ZHOOGLYHUVLnHG LQWHUQD
WLRQDO SRUWIROLR HYHQ ZKHQ DFFRXQWLQJ IRU WKH FXUUHQF\ H[FKDQJH ULVN H[SRVXUH
7KLV REVHUYDWLRQ LV WUXH IRU ERWK WKH HTXLWLHV DQG n[HG LQFRPH PDUNHWV DQG WKH
OLWHUDWXUH RQ WKLV WRSLF LV H[WHQVLYH VHH 0LFKDXG HW DO  -RULRQ 
DQG WKH ERRN E\ 6ROQLN  7RGD\ KRZHYHU D VLPSOLVWLF DpUPDWLYH DQVZHU
WR WKLV TXHVWLRQ LV QR PRUH DFFHSWDEOH VLQFH PDQ\ LQWHUUHODWHG IDFWRUV QHHG WR EH
FRQVLGHUHG )RU LQVWDQFH WKH YRODWLOLWLHV RI WKH n[HG LQFRPH PDUNHWV_VSHFLDOO\
ERQG PDUNHWV_DUH W\SLFDOO\ ORZHU WKDQ WKH YRODWLOLWLHV RI H[FKDQJH UDWHV DQG
KHQFH WKH FXUUHQF\ ULVN RI DQ LQWHUQDWLRQDO SRUWIROLR PLJKW RmVHW DQ\ EHQHnWV
IURP GLYHUVLnFDWLRQ VHH .DSODQLV DQG 6FKDHIHU  (YHQ LQ WKH HTXLWLHV PDU
NHWV LW KDV EHHQ DUJXHG UHFHQWO\ WKDW PXOWLSOH DFTXLVLWLRQV LQ D IRUHLJQ FRXQWU\
ZLOO QRW LPSURYH VLJQLnFDQWO\ WKH HpFLHQF\ RI D SRUWIROLR ZKHQ DFFRXQWLQJ IRU
WKH DGGHG FXUUHQF\ ULVN VHH =LREURZVNL DQG =LREURZVNL 
7KH JOREDOL]DWLRQ RI WKH nQDQFLDO PDUNHWV RQO\ H[DFHUEDWHV WKH GLpFXOWLHV
IDFLQJ LQWHUQDWLRQDO ERQG SRUWIROLR PDQDJHUV 2Q WKH RQH KDQG UHGXFWLRQV LQ
FDSLWDO FRQWUROV WHFKQRORJLFDO DGYDQFHV LQ GLVVHPLQDWLRQ RI LQIRUPDWLRQ DQG LQ
FUHDVHG FRPSXWLQJ SRZHU IRU WUDFNLQJ SRUWIROLRV DQG IRUHFDVWLQJ PDUNHW WUHQGV
OHG WR DQ H[SORVLYH JURZWK RI LQWHUQDWLRQDO ERQG WUDGLQJ RYHU WKH ODVW GHFDGH 2Q
WKH RWKHU KDQG WKH YHU\ VDPH GHYHORSPHQWV KDYH OHG WR LQFUHDVHG V\QFKURQL]D
WLRQ RI PDUNHW UHWXUQV 7DEOH  VXPPDUL]HV WKH FRUUHODWLRQ FRHpFLHQWV EHWZHHQ
86 DQG IRUHLJQ ERQG PDUNHW GRPHVWLF UHWXUQV IRU WZR GLmHUHQW WLPH SHULRGV
,Q DOO FDVHV H[FHSW &DQDGD WKH GHJUHH RI FRUUHODWLRQ LQFUHDVHG ZLWK WLPH RU
UHPDLQHG FRQVWDQW WKXV HURGLQJ DQ\ EHQHnWV IURP LQWHUQDWLRQDO GLYHUVLnFDWLRQ
+RZHYHU ZKHQ ZH DFFRXQW IRU FXUUHQF\ YRODWLOLWLHV DQG FDOFXODWH FRUUHODWLRQ
FRHpFLHQWV ZLWK PDUNHW UHWXUQV FRQYHUWHG WR 86' ZH REVHUYH WKDW WKH GHJUHH
RI FRUUHODWLRQ UHPDLQHG FRQVWDQW RU HYHQ GHFOLQHG 'DWD DUH REWDLQHG IURP
)DER]]L  FK  +HQFH EHQHnWV FDQ VWLOO EH UHDSHG IURP GLYHUVLnFD
WLRQ EXW WKRVH DUH GXH SULPDULO\ WR WKH YRODWLOLW\ RI H[FKDQJH UDWHV $QRWKHU
LPSRUWDQW TXHVWLRQ LV QRZ UDLVHG 6KRXOG FXUUHQF\ ULVN EH KHGJHG" 7KH DQVZHU
LV LQWXLWLYHO\ GHFHSWLYHO\ VLPSOH ,I FXUUHQF\ ULVN LV KHGJHG WKHQ LQWHUQDWLRQDO
PDUNHW UHWXUQV DUH KLJKO\ FRUUHODWHG DQG GLYHUVLnFDWLRQ PD\ QRW SD\ ,I FXUUHQF\
ULVN LV QRW KHGJHG WKHQ WKH ORZHUHG FRUUHODWLRQ RI PDUNHW UHWXUQV PD\ OHDG WR
LPSURYHG SRUWIROLR HpFLHQF\ 7R KHGJH RU QRW WR KHGJH EHFRPHV QRZ WKH TXHV
WLRQ DQG WKH DQVZHU LV ?LW GHSHQGV .DSODQLV DQG 6FKDHIHU  VKRZ WKDW
XQGHU VRPH FLUFXPVWDQFHV LW LV FOHDUO\ EHWWHU WR EH FRPSOHWHO\ KHGJHG XQGHU
RWKHU FLUFXPVWDQFHV LW LV FOHDUO\ EHWWHU QRW WR KHGJH DQG LQ \HW RWKHU FDVHV
SDUWLDO KHGJLQJ LV WKH RSWLPDO VWUDWHJ\ $V UHDGHUV PD\ VXVSHFW WKH PRVW LQWHU
HVWLQJ FDVHV LQ WKH VHQVH RI EHLQJ WKRVH FLUFXPVWDQFHV WKDW DULVH LQ WKH nQDQFLDO
PDUNHWV DUH WKRVH WKDW UHTXLUH SDUWLDO KHGJLQJ 7KH EHQHnWV RI RSWLPDO KHGJ
0DUNHW 'RPHVWLF UHWXUQV 86' UHWXUQV
^ ^ ^
$XVWUDOLD   
&DQDGD   
)UDQFH   
*HUPDQ\   
-DSDQ   
1HWKHUODQGV   
6ZLW]HUODQG   
8.   
,QWQO LQGH[   
7DEOH  &RUUHODWLRQ FRHpFLHQWV EHWZHHQ 86 DQG RWKHU LQWHUQDWLRQDO ERQG PDU
NHWV FRPSXWHG XVLQJ ERWK GRPHVWLF UHWXUQV DQG UHWXUQV FRQYHUWHG WR 86 GROODUV
LQJ UDWLRV KRZHYHU DUH ?IDU IURP FOHDU .DSODQLV DQG 6FKDHIHU ,QGHHG ERWK
SUDFWLWLRQHUV )DER]]L  FKV ^ DQG DFDGHPLFV -RULRQ  DJUHH
WKDW KHGJLQJ VKRXOG EH GRQH RQ D VHOHFWLYH EDVLV ZKHQ FRQGLWLRQV ZDUUDQW LW DQG
WKH KHGJLQJ SROLF\ PD\ EH GHSHQGHQW RQ WKH DVVHW PL[
,Q WKH VHWWLQJ RI WKH FRPSOH[ LQWHUDFWLRQV EHWZHHQ PDUNHW UHWXUQV DQG H[
FKDQJH UDWH YRODWLOLWLHV LW EHFRPHV HVVHQWLDO IRU D SRUWIROLR PDQDJHU WR KDYH DW
KLV GLVSRVDO D V\VWHPDWLF PHWKRGRORJ\ IRU DQDO\]LQJ WKH LQWHUUHODWHG GHFLVLRQV RI
L DVVHW DOORFDWLRQ DPRQJ WKH LQWHUQDWLRQDO PDUNHWV LL ERQGSLFNLQJ LQ HDFK
PDUNHW DQG LLL RSWLPDO OHYHO RI KHGJLQJ 5HFHQWO\ 0XOYH\ DQG =HQLRV 
DUJXHG WKDW SRUWIROLRV RI ERQGV VKRXOG EH PDQDJHG EDVHG RQ WKH LGHDV RI GLYHU
VLnFDWLRQ ORRNLQJ DW WKH FRPRYHPHQWV RI WKH VHFXULWLHV XQGHU YDULRXV SODXVLEOH
HFRQRPLF VFHQDULRV LQVWHDG RI XVLQJ SRUWIROLR LPPXQL]DWLRQ ZLWK VLPSOH ULVN
PHDVXUHV VXFK DV GXUDWLRQ RU FRQYH[LW\ PDWFKLQJ 7KH LGHDV RI GLYHUVLnFDWLRQ
ZHUH DSSOLHG VXFFHVVIXOO\ WR WKH PDQDJHPHQW RI PRUWJDJHVHFXULWLHV SRUWIROLRV
*ROXE HW DO  FDOODEOH ERQG SRUWIROLRV 9DVVLDGRX=HQLRX DQG =HQLRV
 DQG KLJK\LHOG ERQGV 0XOYH\ DQG =HQLRV  7KLV IUDPHZRUN LV SDU
WLFXODUO\ VXLWDEOH IRU WKH PDQDJHPHQW RI LQWHUQDWLRQDO ERQG SRUWIROLRV ZKHQ WKH
WKUHH LQWHUUHODWHG GHFLVLRQV RXWOLQHG DERYH GHSHQG RQ VFHQDULRV RI ORFDO PDUNHW
UHWXUQV DQG H[FKDQJH UDWHV
6WRFKDVWLF SURJUDPPLQJ PRGHOV SURYLGH WKH DSSURSULDWH PDWKHPDWLFDO IUDPH
ZRUN IRU RSWLPL]LQJ WKH SRUWIROLR GHFLVLRQV XQGHU WKH JHQHUDWHG VFHQDULRV 7KHVH
PRGHOV DUH PXOWLSHULRG RSWLPL]DWLRQ PRGHOV IRU SODQQLQJ XQGHU XQFHUWDLQW\
EDVHG RQ SODXVLEOH VFHQDULRV IRU WKH UHDOL]DWLRQ RI WKH XQFHUWDLQ GDWD 7KHLU
RULJLQV JR EDFN WR WKH 
V ZLWK WKH ZRUN RI 'DQW]LJ  DQG :HWV 
DQG KDYH UHFHQWO\ EHHQ JDLQLQJ ZLGHVSUHDG DFFHSWDQFH IRU PRGHOLQJ nQDQFLDO
GHFLVLRQ PDNLQJ SUREOHPV 6HH HJ 0XOYH\ DQG 9ODGLPLURX  'HPER
 &DULQR HW DO  &DULQR 0\HUV DQG =LHPED  &DULQR DQG
=LHPED  *ROXE HW DO  .RVNRVLGHV DQG 'XDUWH  WKH UHFHQW
WH[WERRNV E\ .DOO DQG :DOODFH  DQG &HQVRU DQG =HQLRV  RU WKH
YROXPH E\ =LHPED DQG 0XOYH\ 
7KH DGRSWLRQ RI VFHQDULR EDVHG PHWKRGRORJ\ LV SDUWLFXODUO\ VXLWDEOH LQ YLHZ
RI DQWLFLSDWHG FKDQJHV LQ WKH JOREDO nQDQFLDO PDUNHWV )RU LQVWDQFH WKH LQWUR
GXFWLRQ RI WKH (852 LQ D XQLnHG (XURSHDQ nQDQFLDO PDUNHW UDLVHV WKH LVVXH RI
FUHGLW ULVN IRU WKH PHPEHU FRXQWULHV $V FXUUHQWO\ QR PDUNHW GDWD DUH DYDLODEOH
WR FDOLEUDWH FUHGLW ULVN YRODWLOLWLHV WKH XVH RI VFHQDULRV SURYLGHV WKH RQO\ YLDEOH
DSSURDFK IRU KHGJLQJ WKLV W\SH RI ULVN EDVHG RQ SODXVLEOH VFHQDULRV RI FUHGLW ULVN
SUHPLD WKDW FDQ EH LQIHUUHG IURP HFRQRPLF WKHRU\ HJ EDVHG RQ LQWHUHVW UDWH
GLmHUHQWLDOV
,Q WKLV SDSHU ZH GHYHORS LQWHJUDWHG VLPXODWLRQ DQG RSWLPL]DWLRQ PRGHOV IRU
WKH PDQDJHPHQW RI LQWHUQDWLRQDO ERQG SRUWIROLRV 7KH SRUWIROLR PDQDJHPHQW
SKLORVRSK\ ZH DGRSW LV WKDW RI LQGH[DWLRQ LH GHYHORSLQJ D EDVNHW RI DVVHWV
WKDW WUDFNV WKH UHWXUQV RI D EURDGO\ GHnQHG PDUNHW LQGH[ WKH 6DORPRQ %URWKHUV
LQWHUQDWLRQDO LQGH[ LV RXU WDUJHW 7KH SUREOHP VHWWLQJ DQG WKH JHQHUDO PRGHOLQJ
DSSURDFK ZH WDNH DUH GHVFULEHG LQ VHFWLRQ  7KH VWRFKDVWLF SURJUDPPLQJ PRGHO
WKDW MRLQWO\ GHWHUPLQHV DVVHW DOORFDWLRQ ERQGSLFNLQJ DQG KHGJLQJ GHFLVLRQV
LV GHYHORSHG LQ VHFWLRQ  6FHQDULR JHQHUDWLRQ PRGHOV VHFWLRQ  JHQHUDWH
MRLQW VFHQDULRV RI PDUNHW UHWXUQV DQG H[FKDQJH UDWHV 6RPH SUHOLPLQDU\ UHVXOWV
VHFWLRQ  ZLWK WKH EDFNWHVWLQJ RI WKH VFHQDULR JHQHUDWLRQ PRGHOV LOOXVWUDWH WKHLU
HpFDF\ LQ JHQHUDWLQJ VFHQDULRV WKDW HQFRPSDVV WKH WUXH PDUNHW FKDQJHV 7KH
SHUIRUPDQFH RI WKH SRUWIROLR RSWLPL]DWLRQ PRGHOV RQ WKHVH VFHQDULRV LV WKH WRSLF
RI RQJRLQJ LQYHVWLJDWLRQV MRLQWO\ ZLWK D 6ZLVV EDQN
 ,QWHJUDWHG VLPXODWLRQ DQG RSWLPL]DWLRQ PRG
HOV IRU WUDFNLQJ DQ LQWHUQDWLRQDO ERQG LQGH[
:H FRQVLGHU WKH SUREOHP RI D SRUWIROLR PDQDJHU ZKRVH PDQGDWH LV WR PDQDJH
D ERQG SRUWIROLR LQ D ZD\ WKDW LW WUDFNV D EURDGO\ GHnQHG LQWHUQDWLRQDO PDUNHW
LQGH[ ,QGH[HG n[HGLQFRPH IXQGV KDYH JDLQHG LQ SRSXODULW\ RYHU WKH ODVW GHFDGH
IRU UHDVRQV WKDW DUH ZHOO GRFXPHQWHG LQ WKH OLWHUDWXUH VHH HJ )DER]]L 
FK  DQG ZH DGRSW WKLV SDUWLFXODU PDQDJHPHQW SKLORVRSK\ IRU GHYHORSLQJ
WKH PRGHOV
$ ERQG LQGH[ LQ HDFK PDUNHW L     P LV FRQVWUXFWHG E\ FUHDWLQJ D
UHSUHVHQWDWLYH VDPSOH jL RI VL]H 1L IURP WKH XQLYHUVH RI HOLJLEOH ERQGV lL) R U
HDFK VHFXULW\ M     1 L LQ WKH UHSUHVHQWDWLYH VHW WKH LQGH[ VSHFLnHV LWV
UHODWLYH ZHLJKW L
M ZKLFK UHoHFWV WKH FDSLWDOL]DWLRQ VWUXFWXUH RI WKH XQLYHUVH VHW
lL ZLWK ERQGV WKDW KDYH FKDUDFWHULVWLFV LGHQWLFDO RU VLPLODU WR WKH MWK ERQG 7KH
JOREDO ERQG LQGH[ LV UHSUHVHQWHG E\ D VHW b RI FRXQWU\ LQGLFHV DQG WKH UHODWLYH
ZHLJKWV oL DVVLJQHG WR WKH ERQG LQGH[ RI HDFK FRXQWU\ EDVHG RQ WKH PDUNHW YDOXH
RI WKH GLmHUHQW LQGLFHV 7KHVH ZHLJKWV DUH D PHDVXUH RI WKH VKDUH RI WKH ERQG
P D U N H WR IW K HL WK FRXQWU\ LQ WKH ZRUOG ERQG PDUNHW
,Q SUDFWLFH WKH VHWV lL PD\ FRQVLVW RI WKRXVDQGV RU HYHQ KXQGUHGV RI WKRX
VDQGV RI ERQGV GLmHULQJ E\ LVVXHU LVVXH GDWD PDWXULW\ GDWH FRXSRQ SD\PHQWV
HWF ZKLOH WKH UHSUHVHQWDWLYH VHWV jL FRQVLVW RI KXQGUHG RU VR UHSUHVHQWDWLYH
VHFXULWLHV *OREDO ERQG LQGLFHV VXFK DV WKH 6DORPRQ %URWKHUV *OREDO LQGH[
FRQVLVW RI KROGLQJV LQ WKH ERQG PDUNHWV RI WKH PDMRU LQGXVWULDOL]HG QDWLRQV LH
P   IRU WKH * LQGH[
7KH PDQDJHU RI DQ LQWHUQDWLRQDO ERQG SRUWIROLR PXVW GHWHUPLQH WKH IUDFWLRQ
RI WKH SRUWIROLR YDOXH LQYHVWHG LQ HDFK RI WKH P PDUNHWV DQG WR SLFN VSHFLnF
ERQGV IURP HDFK PDUNHW lL WR DGG WR WKH SRUWIROLR 7KHVH GHFLVLRQV DUH XVXDOO\
PDGH LQ WZR VWHSV $Q DVVHW DOORFDWLRQ FRPPLWWHH GHWHUPLQHV nUVW WKH H[SRVXUH
RI WKH SRUWIROLR WR HDFK PDUNHW DQG WKHQ WUDGHUV LGHQWLI\ PLVSULFHG ERQGV LQ
HDFK PDUNHW DQG FRQVWUXFW WKH FRXQWU\VSHFLnF SRUWIROLR 7KLV SRUWIROLR KDV WR
WUDFN WKH FRXQWU\ VSHFLnF LQGH[ DV ZHOO VR FRQVWUDLQWV RQ GXUDWLRQ PDWXULW\
HWF PD\ EH LPSRVHG RQ WKH WUDGHU )LQDOO\ RQFH WKH FRXQWU\VSHFLnF IXQGV DUH
FRQVWUXFWHG WKH FXUUHQF\ H[SRVXUH PD\ EH KHGJHG
:H GHQRWH WKH ZHLJKWV DOORFDWHG WR WKH LQGH[ RI HDFK FRXQWU\ L    P





M ￿ WKH VXEVFULSWV $ DQG ' GHQRWH WKDW GHFLVLRQV DUH DJJUHJDWHG DQG
GLVDJJUHJDWHG E\ PDUNHW UHVSHFWLYHO\ 7KH PRGHO ZH GHYHORS LQ WKH QH[W VHF
WLRQ LV D PXOWLSHULRG PRGHO DQG WKHUHIRUH WKH YDULDEOHV DUH WLPHGHSHQGHQW
)XUWKHUPRUH GHFLVLRQV PDGH DIWHU WKH nUVW WLPH SHULRG DUH FRQGLWLRQHG RQ WKH
UHDOL]HG UHWXUQV RI WKH PDUNHW LQGLFHV DQG H[FKDQJH UDWHV KHQFH WKH YDULDEOHV
DUH DOVR VFHQDULR GHSHQGHQW 7KH GHSHQGHQFLHV RI WKH YDULDEOHV RQ WLPH DQG
VFHQDULRV DUH PDGH SUHFLVH ODWHU )RU QRZ ZH XVH WKH VLPSOLnHG QRWDWLRQ WR
LQWURGXFH WKH SUREOHP DQG LOOXVWUDWH WKH PRGHOLQJ SURFHVV LQ )LJXUH 
2QH RI WKH NH\ FRQWULEXWLRQV RI WKLV SDSHU LV LQ GHYHORSLQJ PRGHOV IRU LQWH
JUDWLQJ WKH WKUHH nQDQFLDO GHFLVLRQV_DVVHW DOORFDWLRQ ERQGSLFNLQJ DQG FXU
UHQF\ KHGJLQJ_LQ D FRPPRQ IUDPHZRUN 7R ZKDW H[WHQG WKLV LQWHJUDWLRQ SD\V
LV WKH WRSLF RI RXU HPSLULFDO LQYHVWLJDWLRQV WKDW KDYH QRW \HW EHHQ FRPSOHWHG
+RZHYHU WKH VLJQLnFDQFH RI LQWHJUDWLQJ VHYHUDO LQWHUUHODWHG nQDQFLDO GHFLVLRQV
LQ D FRPPRQ IUDPHZRUN nQGV ZLGHVSUHDG DFFHSWDQFH LQ WKH nQDQFH OLWHUDWXUH
VHH HJ 0HUWRQ  DQG +ROPHU DQG =HQLRV 
+DYLQJ VHW WKH VWDJH RI WKH SRUWIROLR PDQDJHU
V SUREOHP LQ WKH SUHYLRXV
VHFWLRQ ZH QRZ GHnQH WKH VWRFKDVWLF SURJUDPPLQJ PRGHOV )LUVW ZH JLYH D
JHQHULF GHVFULSWLRQ RI D WZRVWDJH VWRFKDVWLF SURJUDPPLQJ PRGHO IRU FRQVWUXFW
LQJ D SRUWIROLR RI P DVVHWV WR WUDFN DQ LQGH[ :H WKHQ VSHFLDOL]H WKLV PRGHO
WR VROYH LQGHSHQGHQWO\ WKH DVVHW DOORFDWLRQ DQG WKH ERQGSLFNLQJ SUREOHPV IRU
LQWHUQDWLRQDO ERQG SRUWIROLR PDQDJHPHQW 7KH WKLUG PRGHO LQWHJUDWHV WKH DVVHW
DOORFDWLRQ DQG ERQGSLFNLQJ GHFLVLRQV )LQDOO\ ZH LQFRUSRUDWH KHGJLQJ GHFLVLRQV
LQ WKH PRGHOV
)LJXUH  7KH SURFHVV IRU VWUXFWXULQJ WKH PDUNHW LQGLFHV DQG WKH LQGH[HG SRUW
IROLR
 &DQRQLFDO VWRFKDVWLF SURJUDPPLQJ PRGHO IRU WUDFNLQJ
DQ LQGH[
 1RWDWLRQ
7KH PRGHO LV GHYHORSHG XVLQJ FDVKoRZ DFFRXQWLQJ HTXDWLRQV DQG LQYHQWRU\ EDO
DQFH HTXDWLRQV IRU HDFK DVVHW FDWHJRU\ ,W LV FXVWRPDU\ LQ DVVHW DOORFDWLRQ PRGHOV
WR PDNH GHFLVLRQV LQ WHUPV RI SHUFHQWDJH RI ZHDOWK LQYHVWHG LQ HDFK DVVHW FODVV
+RZHYHU VLQFH RXU PRGHOV GHDO ZLWK n[HGLQFRPH VHFXULWLHV DQG DOORZ IRU SRUW
IROLR UHEDODQFLQJ ZH PHDVXUH LQYHVWPHQW GHFLVLRQV LQ GROODUV RI IDFH YDOXH VR
WKDW ZH FDQ DFFRXQW IRU SULFH FKDQJHV WUDQVDFWLRQ FRVWV DQG H[FKDQJH UDWH oXF
WXDWLRQV ,Q WKH FDQRQLFDO PRGHO EHORZ WKHUH LV RQO\ D VLQJOH FXUUHQF\ EXW LQ WKH
LQWHJUDWLYH PRGHO ZH QHHG WR PDNH WKH GLVWLQFWLRQ EHWZHHQ WKH EDVH FXUUHQF\
DQG WKH GRPHVWLF FXUUHQF\ WKH IRUPHU LV WKH FXUUHQF\ LQ ZKLFK RXU LQYHVWRU
PHDVXUHV KHU UHWXUQ DQG WKH ODWWHU LV WKH FXUUHQF\ RI WKH FRXQWU\ LQ ZKLFK
VRPH LQYHVWPHQWV DUH PDGH &RQYHUVLRQ EHWZHHQ GRPHVWLF DQG EDVH FXUUHQF\
DUH PDGH XVLQJ WKH DSSURSULDWH H[FKDQJH UDWH
'HnQH nUVW SDUDPHWHUV RI WKH PRGHO DW SHULRGV W    7
6 W VHWV RI VFHQDULRV DQWLFLSDWHG DW WLPH W :H XVH VW WR LQGH[ VFHQDULRV IURP WKH
VHW 6W /HW OW GHQRWH SDWKV RI VFHQDULRV WKDW DUH UHVROYHG LH DOO LQIRUPD
WLRQ EHFRPHV NQRZQ XQWLO SHULRG W     7 3DWKV DUH GHQRWHG E\
OW   V ￿V Wb￿ DQG ZLWK HDFK SDWK ZH DVVRFLDWH D SUREDELOLW\ {OW: H
DOVR OHW 3W GHQRWH WKH VHW RI DOO SDWKV WKDW FDQ EH FRQVWUXFWHG E\ FRPELQLQJ
VFHQDULRV IURP WKH VFHQDULR VHWV 6￿6 ￿6 Wb￿ 1RWH WKDW OW GHQRWHV DOO
LQIRUPDWLRQ WKDW EHFRPHV NQRZQ E\ LQVWDQFH W ZKLOH VW GHQRWHV VFHQDULRV
DQWLFLSDWHG DW W 3DWKV DUH QRW GHnQHG IRU W   VLQFH DOO LQIRUPDWLRQ LV
DVVXPHG NQRZQ DW WKLV WLPH LQVWDQFH
0 VHW RI DYDLODEOH DVVHW FODVVHV ZLWK FDUGLQDOLW\ P
F￿ LQLWLDO HQGRZPHQW LQ WKH ULVNOHVV DVVHW
E￿ YHFWRU GHQRWLQJ WKH FRPSRVLWLRQ RI WKH LQLWLDO SRUWIROLR
r￿ YHFWRU RI ELG SULFHV DW W   7KHVH SULFHV DUH NQRZQ ZLWK FHUWDLQW\
rWOW YHFWRU RI ELG SULFHV UHDOL]HG DW W 7KHVH SULFHV GHSHQG RQ WKH SDWK RI
VFHQDULRV IROORZHG IURP  WR W
NWOWV W  YHFWRU RI FDVK DFFUXDO IDFWRUV GXULQJ WKH LQWHUYDO >WW  @ 7KHVH
IDFWRUV LQGLFDWH FDVK JHQHUDWHG SHU XQLW KROGLQJV LQ WKH DVVHW FODVV GXH WR
FRXSRQ SD\PHQWV :H GHnQH NWOWV W   N ￿V ￿I R UW  ZKHUH N￿V￿L V
JLYHQ FRQGLWLRQHG RQ WKH VFHQDULRV DQWLFLSDWHG DW W   EXW QRW RQ DQ\
SDWK VLQFH DOO LQIRUPDWLRQ SULRU WR W   LV DVVXPHG NQRZQ
|WOW VKRUW WHUP ULVNOHVV UHLQYHVWPHQW UDWH DW SHULRG W 7KHVH UDWHV GHSHQG
RQ WKH SDWK IROORZHG XS WR W W\SLFDOO\ LQWHUHVW UDWHV GHSHQG RQO\ RQ VWb￿
RQO\ DQG QRW RQ WKH ZKROH SDWK OW
HWOW YHFWRU RI H[FKDQJH UDWHV EHWZHHQ WKH GRPHVWLF DQG WKH EDVH FXUUHQF\
([FKDQJH UDWHV DUH VFHQDULR GHSHQGHQW
,7O7 UHWXUQ RI WKH LQGH[ WR EH WUDFNHG WKLV YDOXH GHSHQGV RQ WKH SDWK DQG LV
FRPSXWHG EDVHG RQ SULFH DSSUHFLDWLRQ RU GHSUHFLDWLRQ RI WKH VHFXULWLHV
LQ WKH LQGH[ SOXV DQ\ DFFUXHG FDVKoRZ IURP UHLQYHVWHG FRXSRQ SD\PHQWV
7KH UHWXUQ RI WKH LQGH[ RI WKH LWK PDUNHW LQ WKH GRPHVWLF FXUUHQF\ LV
JLYHQ E\











ZKHUH 97b￿L LV WKH YDOXH RI WKH LWK FRXQWU\ LQGH[ DW WKH SUHYLRXV WLPH
SHULRG DQG LV JLYHQ UHFXUVLYHO\ E\ 9WL   9Wb￿L,WOW ZKHUH 9￿L WKH LQLWLDO
YDOXH RI WKH LQGH[ LV DVVXPHG JLYHQ
p WUDQVDFWLRQ FRVWV :H DVVXPH IRU VLPSOLFLW\ DQG ZLWKRXW ORVV RI JHQHUDOLW\
WKDW WUDQVDFWLRQV FRVWV DUH LQFXUUHG RQO\ ZKHQ EX\LQJ DVVHWV DQG WKDW WKH\
DUH LGHQWLFDO IRU DOO W\SHV RI VHFXULWLHV
1RZ GHnQH GHFLVLRQ YDULDEOHV :H KDYH IRXU GLVWLQFW GHFLVLRQV DW HDFK SRLQW
LQ WLPH KRZ PXFK RI HDFK DVVHW FODVV WR EX\ VHOO RU KROG LQ WKH SRUWIROLR DQG
KRZ PXFK WR LQYHVW LQ WKH ULVNOHVV DVVHW $OO YDULDEOHV DUH FRQVWUDLQHG WR EH
QRQQHJDWLYH WKHUHIRUH QR VKRUW VDOHV RU ERUURZLQJ DUH DOORZHG
)LUVW VWDJH YDULDEOHV DW W   7KHVH DUH GHFLVLRQV PDGH DW WKH EHJLQQLQJ RI
WKH SODQQLQJ KRUL]RQ ZKHQ PDUNHW LQIRUPDWLRQ LV FRPSOHWHO\ VSHFLnHG
;￿ YHFWRU GHQRWLQJ WKH IDFH YDOXH ERXJKW RI HDFK DVVHW FODVV
<￿ YHFWRU GHQRWLQJ WKH IDFH YDOXH VROG RI HDFK DVVHW FODVV
=￿ YHFWRU GHQRWLQJ WKH KROGLQJV LQ WKH SRUWIROLR
Y￿ DPRXQW LQYHVWHG LQ WKH ULVNOHVV DVVHW
7LPHVWDJHG YDULDEOHV DW VRPH IXWXUH SRLQW LQ WLPH W    7 FRQGLWLRQHG
RQ WKH SDWK IROORZHG XS WR WKDW WLPH LQVWDQFH
;WOW YHFWRU GHQRWLQJ WKH IDFH YDOXHV ERXJKW RI HDFK DVVHW
<WOW YHFWRU GHQRWLQJ WKH IDFH YDOXHV VROG RI HDFK DVVHW
=WOW YHFWRU GHQRWLQJ WKH KROGLQJV LQ WKH SRUWIROLR
YWOW DPRXQW LQYHVWHG LQ WKH ULVNOHVV DVVHW
$ ZRUG RQ RXU XVH RI VXEVFULSWV DQG VXSHUVFULSWV 6XSHUVFULSWV DUH XVHG WR
GHQRWH YHFWRUV DQG VXEVFULSWV GHQRWH HOHPHQWV RI D YHFWRU )RU LQVWDQFH rL
GHQRWHV D YHFWRU RI SULFHV IRU LQVWUXPHQWV LQ WKH LWK DVVHW FODVV rL GHQRWHV WKH
SULFH RI WKH LWK DVVHW DQG rL
M GHQRWHV WKH SULFH RI WKH MWK LQVWUXPHQW IURP WKH
LWK DVVHW FDWHJRU\
 0RGHO IRUPXODWLRQ )LUVWVWDJH FRQVWUDLQWV
$W WKH nUVW VWDJH LH DW WLPH W   DOO SULFHV DUH NQRZQ ZLWK FHUWDLQW\
7KH FDVKoRZ DFFRXQWLQJ HTXDWLRQ VSHFLnHV WKDW WKH RULJLQDO HQGRZPHQW LQ WKH
ULVNOHVV DVVHW SOXV DQ\ SURFHHGV IURP OLTXLGDWLQJ SDUW RI WKH H[LVWLQJ SRUWIR
OLR HTXDOV WKH DPRXQW LQYHVWHG LQ LQFUHDVLQJ WKH KROGLQJV LQ VRPH RI WKH DVVHW







r￿L  p;￿L  Y￿ 
)RU HDFK DVVHW LQ WKH SRUWIROLR ZH KDYH DQ LQYHQWRU\ EDODQFH FRQVWUDLQW
E￿L  ;￿L   <￿L  =￿L IRU DOO L  0 
 0RGHO IRUPXODWLRQ 7LPHVWDJHG FRQVWUDLQWV
'HFLVLRQV PDGH DW DQ\ WLPH SHULRG W     7 DIWHU W   GHSHQG RQ WKH
SDWK OW +HQFH ZH KDYH RQH FRQVWUDLQW IRU HDFK SDWK 7KHVH GHFLVLRQV DOVR
GHSHQG RQ WKH LQYHVWPHQW GHFLVLRQV PDGH DW WKH SUHYLRXV WLPH SHULRG 1RWH
WKDW IRU W   WKHVH YDULDEOHV DUH LQGHSHQGHQW RI DQ\ SDWK DQG WKH DUJXPHQW OW
LV VXSHUoXRXV 7R VLPSOLI\ WKH QRWDWLRQ ZH GURS WKH DUJXPHQWV OW DQG VW IURP
DOO YDULDEOHV DQG SDUDPHWHUV EHORZ ,W LV XQGHUVWRRG WKDW HDFK WLPHLQGH[HG
YDULDEOH RU SDUDPHWHU GHSHQGV RQ WKHVH DUJXPHQWV DV VSHFLnHG LQ VHFWLRQ 
&DVKoRZ DFFRXQWLQJ OLPLWV WKH LQFUHDVH LQ KROGLQJV RI WKH DVVHW FODVVHV DQG
WKH ULVNOHVV DVVHW WR EH HTXDO WR WKH LQFRPH JHQHUDWHG IURP WKH H[LVWLQJ SRUWIROLR
GXULQJ WKH KROGLQJ SHULRG SOXV DQ\ FDVK JHQHUDWHG IURP VDOHV 7KHUH LV RQH











rWL  p;WL  YW 
,QYHQWRU\ EDODQFH HTXDWLRQV FRQVWUDLQ WKH DPRXQW RI HDFK DVVHW VROG RU UH
PDLQLQJ LQ WKH SRUWIROLR WR EH HTXDO WR WKH RXWVWDQGLQJ DPRXQW DW WKH HQG RI WKH
KROGLQJ SHULRG SOXV DQ\ DGGLWLRQDO DPRXQW SXUFKDVHG 7KHUH LV RQH FRQVWUDLQW
IRU HDFK DVVHW L  0 DQG IRU HDFK SDWK OW  3W
=Wb￿L  ;WL   <WL  =WL 
 &DOFXODWLRQ RI UHWXUQ RI WKH SRUWIROLR
$W WKH HQG RI WKH SODQQLQJ KRUL]RQ 7 DQG IRU HDFK UHDOL]HG SDWK O7 ZH FDOFX
ODWH WKH UHWXUQ RI WKH SRUWIROLR 7KLV YDOXH GHSHQGV RQ WKH FRPSRVLWLRQ RI WKH
SRUWIROLR DQG WKH YDOXH RI WKH DVVHWV DW 7 DQG RQ DQ\ FDVK FDUULHG RYHU IURP
SUHYLRXV SHULRGV 7KH YDOXH RI DQ DVVHW FDWHJRU\ LV WKH UHWXUQ RI WKH DVVHW LH
WKH PDUNHW YDOXH SHU XQLW DVVHW 7KH UHWXUQ RI WKH SRUWIROLR LV JLYHQ E\
5SO7    5S=7O7  
Y7 
3P
L ￿ r7L=7L b 9S￿
9S￿
 
ZKHUH 9S￿ LV WKH LQLWLDO YDOXH RI WKH SRUWIROLR
 2EMHFWLYH IXQFWLRQ
7KH REMHFWLYH IXQFWLRQ PD[LPL]HV WKH H[SHFWHG XWLOLW\ RI H[FHVV UHWXUQ RI WKH










ZKHUH 8c GHQRWHV WKH XWLOLW\ IXQFWLRQ 1RWH WKDW RQH FRXOG DGRSW D IXQF
WLRQ PD[LPL]LQJ WKH H[SHFWHG XWLOLW\ RI WRWDO UHWXUQ WKXV VROYLQJ D JOREDO DVVHW
DOORFDWLRQ PRGHO
:H FKRRVH WR PD[LPL]H D XWLOLW\ IXQFWLRQ RI H[FHVV UHWXUQ WR DOORZ IRU WUDGH
RmV RI JURZWK YHUVXV VHFXULW\ LQ WKH FRQWH[W RI WKH G\QDPLF nQDQFLDO GHFLVLRQ
PDNLQJ SUREOHP IDFHG E\ RXU LQYHVWRUV VHH HJ 0DF/HDQ =LHPED DQG %OD]HQNR
 &KRRVLQJ IRU LQVWDQFH D ORJDULWKPLF XWLOLW\ IXQFWLRQ ZH FDQ LPSOHPHQW LQ
RXU PRGHO WKH LQYHVWRUV
 ZLVK WR IROORZ D JURZWK RSWLPDO VWUDWHJ\ RYHU WKH ORQJ
UXQ )RU QRZ ZH GR QRW VSHFLI\ DQ\ SDUWLFXODU IRUP IRU WKH XWLOLW\ IXQFWLRQ VHH
,QJHUVROO  IRU D GLVFXVVLRQ RI XWLOLW\ RSWLPL]DWLRQ PRGHOV DQG +DNDQVVRQ
DQG =LHPED  IRU FDSLWDO JURZWK WKHRU\
 $JJUHJDWHG PRGHOV IRU WUDFNLQJ DQ LQWHUQDWLRQDO n[HG
LQFRPH LQGH[
:H DSSO\ QRZ WKH FDQRQLFDO PRGHO GHYHORSHG DERYH WR WKH SUREOHP RI WUDFNLQJ
DQ LQWHUQDWLRQDO n[HG LQFRPH LQGH[ :H nUVW GHYHORS D PRGHO IRU GHWHUPLQLQJ
WKH DOORFDWLRQ RI WKH LQYHVWRU DVVHWV DPRQJ WKH P PDUNHW LQGLFHV JOREDO DVVHW
DOORFDWLRQ PRGHO 7KHQ ZH IRUPXODWH WKH PRGHO IRU GHWHUPLQLQJ WKH ERQG
SLFNLQJ GHFLVLRQV LQ HDFK PDUNHW ERQGSLFNLQJ PRGHO
 *OREDO DVVHW DOORFDWLRQ PRGHO
7KH GHFLVLRQ YDULDEOHV RI WKH FDQRQLFDO PRGHO ; < DQG = DUH QRZ DJJUHJDWH
YDULDEOHV WKDW LV ;    ;$   ; $ L P
L  ￿ <    <$   < $ L P
L  ￿ DQG =    =$  
=$LP
L ￿ 7LPHVWDJHG YDULDEOHV DOVR FDUU\ WKH DSSURSULDWH WLPH DQG VFHQDULR
DUJXPHQWV DV GHnQHG LQ VHFWLRQ  7KH VHW RI DVVHWV 0 LV WKH VHW RI FRXQWU\
LQGLFHV b DQG WKH LQGH[ WR EH WUDFNHG LV WKH JOREDO PDUNHW LQGH[ 7KH UHWXUQ
RI WKH JOREDO LQGH[ LV JLYHQ E\




ZKHUH ,7LO7 LV WKH UHWXUQ RI WKH LWK FRXQWU\ LQGH[ H[SUHVVHG LQ WKH GRPHVWLF
FXUUHQF\ FI HTQ 
7KH VWRFKDVWLF SURJUDPPLQJ PRGHO IRU WKH JOREDO DVVHW DOORFDWLRQ SUREOHP
LV VLPSO\ D UHVWDWHPHQW RI WKH HTXDWLRQV LQ VHFWLRQ  XVLQJ WKH DJJUHJDWHG
YDULDEOHV DQG WUDFNLQJ WKH JOREDO LQGH[ JLYHQ E\ HTXDWLRQ  7KH RSWLPDO
YDOXH =e
$￿L DW WKH nUVWVWDJH IRU L    PGHQRWHV WKH DOORFDWLRQ RI DVVHWV
WR WKH LWK PDUNHW
 %RQGSLFNLQJ PRGHO
2QFH WKH DVVHW DOORFDWLRQV KDYH EHHQ GHWHUPLQHG IRU HDFK PDUNHW ZH FDQ VROYH
WKH ERQGSLFNLQJ PRGHO 7KH PRGHO FDQ EH ZULWWHQ E\ PRGLI\LQJ WKH PRGHO LQ
VHFWLRQ  DV IROORZV 7KH GHFLVLRQ YDULDEOHV IRU HDFK PDUNHW L    P
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’  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1 L
M  ￿ DQG =    =L
’   = L
’ M
1 L
M  ￿ 7LPHVWDJHG YDUL
DEOHV DOVR FDUU\ WKH DSSURSULDWH WLPH DQG VFHQDULR LQGLFHV 7KH LQLWLDO HQGRZ
PHQW FDVK F￿L QW K HL WK PDUNHW LV =e
$￿L LH WKH RSWLPDO VROXWLRQ RI WKH JOREDO
DVVHW DOORFDWLRQ PRGHO RI VHFWLRQ  7KH LQGH[ WR EH WUDFNHG LV WKH LQGH[ RI
WKH LWK PDUNHW ZLWK UHWXUQ JLYHQ LQ WKH GRPHVWLF FXUUHQF\ E\ 
7KH VWRFKDVWLF SURJUDPPLQJ SURJUDP IRU WKH ERQGSLFNLQJ SUREOHP LV VLPSO\
D UHVWDWHPHQW RI WKH HTXDWLRQV LQ VHFWLRQ  XVLQJ WKH GLVDJJUHJDWHG YDULDEOHV




M ￿ DW WKH nUVWVWDJH GHQRWHV WKH KROGLQJV LQ HDFK RI WKH M ERQGV RI WKH
LWK PDUNHW
 ,QWHJUDWLYH PRGHO IRU WUDFNLQJ DQ LQWHUQDWLRQDO n[HG
LQFRPH LQGH[
7KH SUREOHPV GHVFULEHG E\ WKH DVVHW DOORFDWLRQ DQG ERQGSLFNLQJ PRGHOV VHF
WLRQV  DQG  QRYHO FDQ EH VROYHG ZLWK PHWKRGV ZKLFK GLmHU IURP WKRVH
ZH KDYH GHVFULEHG 7KH LQWHUHVWLQJ FRQWULEXWLRQ RI RXU PRGHOLQJ DSSURDFK LV
WKDW WKHVH WZR PRGHOV FDQ EH FRPELQHG WR VROYH WKH DVVHW DOORFDWLRQ DQG ERQG
SLFNLQJ SUREOHPV LQ DQ LQWHJUDWHG IDVKLRQ
:H IRUPXODWH WKH PRGHO LQ GHWDLO QH[W EXW nUVW ZH JLYH D EULHI VNHWFK 7KH
PRGHO XVHV WKH GLVDJJUHJDWHG YDULDEOHV DGRSWHG LQ WKH ERQGSLFNLQJ PRGHO VHF
WLRQ  EXW LW WUDFNV WKH JOREDO LQGH[ ,* ZKLFK LV DQ DJJUHJDWH RI WKH P
PDUNHW LQGLFHV DV JLYHQ LQ HTXDWLRQ  7KH PRGHO VSHFLnHV RSWLPDO ERQG
SLFNLQJ GHFLVLRQV LQ HDFK RQH RI WKH P PDUNHWV WR WUDFN WKH JOREDO LQGH[ 7KH
DVVHW DOORFDWLRQ GHFLVLRQV DUH WKHQ FRPSXWHG DV WKH DJJUHJDWH RI WKH WRWDO H[SR





’￿M LV WKH RSWLPDO KROGLQJ
LQ WKH MWK ERQG RI WKH LWK PDUNHW DW WKH nUVW WLPH SHULRG W   ,Q WKLV PRGHO ZH
LQFRUSRUDWH H[FKDQJH UDWHV VLQFH DVVHWV PD\ EH LQYHVWHG LQ GLmHUHQW FXUUHQFLHV
:H FDQ QRZ ZULWH GRZQ WKH PXOWLVWDJH VWRFKDVWLF SURJUDPPLQJ PRGHO ZLWK
PRGHO SDUDPHWHUV DV GHnQHG LQ VHFWLRQ  DQG XVLQJ WKH GLVDJJUHJDWHG YDUL
DEOHV
 ,QWHJUDWLYH PRGHO )LUVWVWDJH FRQVWUDLQWV


















’￿M  Y￿ 
7KH LQYHQWRU\ EDODQFH FRQVWUDLQW LV
EL
￿M  ;L
’￿M   < L
’￿M  =L
’￿M IRU DOO L  bD Q GMj L 
1RWH WKDW WKHUH LV D VLQJOH FDVKoRZ DFFRXQWLQJ HTXDWLRQ IRU WKH EDVH FXUUHQF\
7KH PRGHO FRXOG EH HDVLO\ H[WHQGHG WR LQFRUSRUDWH FDVKoRZ DFFRXQWLQJ HTXD
WLRQV IRU HDFK GRPHVWLF FXUUHQF\ DQG PRGHO H[FKDQJH UDWHV LQ WUDQVIHUULQJ IXQGV
IURP RQH FXUUHQF\ WR DQRWKHU )RU WKH VDNH RI VLPSOLFLW\ ZH DVVXPH KHUH WKDW
DOO VDOHV DQG SXUFKDVHV DUH PDGH LQWR DQG IURP WKH EDVH FXUUHQF\ WKXV DYRLGLQJ
WKH QHHG WR NHHS VHSDUDWH FDVKoRZ YDULDEOHV
 ,QWHJUDWLYH PRGHO 7LPHVWDJHG FRQVWUDLQWV
&DVKoRZ DFFRXQWLQJ FRQVWUDLQWV RI WKH GLVDJJUHJDWHG PRGHO DW DQ\ WLPH SHULRG
W DIWHU W   GHSHQG RQ WKH SDWK OW 7KHVH FRQVWUDLQWV OLPLW WKH LQFUHDVH LQ
KROGLQJV IRU HDFK ERQG LQ HDFK PDUNHW DQG LQ WKH ULVNOHVV DVVHW WR EH HTXDO WR
WKH LQFRPH JHQHUDWHG IURP WKH H[LVWLQJ SRUWIROLR GXULQJ WKH KROGLQJ SHULRG SOXV
DQ\ FDVK JHQHUDWHG IURP VDOHV 1RWH WKDW IRU W   WKH GHFLVLRQ YDULDEOHV DUH
LQGHSHQGHQW RI DQ\ SDWK DQG WKH DUJXPHQW OW LV VXSHUoXRXV
7KHUH LV RQH FRQVWUDLQW IRU HDFK SDWK OW  3W WKH DUJXPHQWV OW DUH GURSSHG



























,QYHQWRU\ EDODQFH HTXDWLRQV FRQVWUDLQ WKH DPRXQW RI HDFK ERQG VROG RU UH
PDLQLQJ LQ WKH SRUWIROLR WR EH HTXDO WR WKH RXWVWDQGLQJ DPRXQW DW WKH HQG RI WKH
KROGLQJ SHULRG SOXV DQ\ DGGLWLRQDO DPRXQW SXUFKDVHG 7KHUH LV RQH FRQVWUDLQW









’WM IRU DOO L  bMj L  
 ,QWHJUDWLYH PRGHO REMHFWLYH IXQFWLRQ
$W WKH HQG RI WKH SODQQLQJ KRUL]RQ 7 DQG IRU HDFK SDWK O7  37 ZH FDOFXODWH WKH
UHWXUQ RI WKH SRUWIROLR 7KLV YDOXH GHSHQGV RQ WKH FRPSRVLWLRQ RI WKH SRUWIROLR
DQG WKH YDOXH RI WKH ERQGV DW 7 DQG RQ DQ\ DFFUXHG FDVKoRZ IURP SUHYLRXV
SHULRGV 7KH UHWXUQ RI WKH SRUWIROLR LV JLYHQ E\










ZKHUH 9S￿ LV WKH LQLWLDO YDOXH RI WKH SRUWIROLR 7KH REMHFWLYH IXQFWLRQ PD[LPL]HV
WKH H[SHFWHG XWLOLW\ FI HTQ  RI H[FHVV UHWXUQ RI WKH SRUWIROLR FI HTQ
 RYHU WKH JOREDO LQGH[ FI HTQ 
 2SWLPDO FXUUHQF\ KHGJLQJ UDWLRV
:H LQFRUSRUDWH QRZ KHGJLQJ GHFLVLRQV LQ WKH RSWLPL]DWLRQ PRGHO :H GHnQH D
QHZ YDULDEOH +￿LP
L ￿ WR GHQRWH WKH DPRXQW RI HDFK FXUUHQF\ KHGJHG DW DJUHHG
XSRQ SHULRG IRUZDUG UDWHV I￿LP
L ￿ DW SHULRG W   /HW DOVR +WLOWP
L ￿
GHQRWH WKH DPRXQW KHGJHG DW IRUZDUG UDWHV IWLOWP
L ￿ DW SHULRG W XQGHU SDWK
OW
7KH FDVKoRZ DFFRXQWLQJ FRQVWUDLQWV PXVW EH PRGLnHG WR DFFRXQW IRU WKH IDFW
WKDW DW HDFK SHULRG W DQ DPRXQW +WLOWR IW K HLFXUUHQF\ ZLOO EH H[FKDQJHG DW
UDWH IWLOW DQG DQ\ UHPDLQLQJ DPRXQW ZLOO EH H[FKDQJHG DW WKH FXUUHQW H[FKDQJH
UDWH HWLOW 5HFDOO WKDW WKHUH LV RQH FRQVWUDLQW IRU HDFK SDWK OW  3W DQG WKDW WKH
DUJXPHQWV OW DUH GURSSHG IURP DOO YDULDEOHV DQG SDUDPHWHUV EHORZ IRU VLPSOLFLW\
RI QRWDWLRQ
7KH WRWDO FDVKoRZ LQ WKH LWK FXUUHQF\_LQoRZV IURP FRXSRQ SD\PHQWV DQG
VHFXULW\ VDOHV DQG RXWoRZV IURP VHFXULW\ SXUFKDVHV_DW SHULRG W XQGHU VFHQDULR





















IWb￿L+Wb￿L  HWLZWL b +Wb￿L   YW 
$W WKH HQG RI WKH SODQLQJ KRUL]RQ WKH UHWXUQ RI WKH SRUWIROLR_LQ WKH EDVH
FXUUHQF\_ZLOO EH D IXQFWLRQ RI WKH DPRXQW KHGJHG DQG WKH IRUZDUG DQG FXUUHQW
H[FKDQJH UDWHV 7KH UHWXUQ FDOFXODWLRQ WDNHV WKH IRUP



















7KH LQWHJUDWLYH PRGHO WKDW MRLQWO\ GHWHUPLQHV DVVHW DOORFDWLRQ ERQGSLFNLQJ
DQG KHGJLQJ GHFLVLRQV LV WKH PRGHO RI VHFWLRQ  ZLWK WKH PRGLnHG UHWXUQ FDO
FXODWLRQ DQG FDVKoRZ HTXDWLRQV JLYHQ LQ WKLV VHFWLRQ
 0RQWH &DUOR VFHQDULR JHQHUDWLRQ
,Q RUGHU WR LPSOHPHQW WKH SRUWIROLR RSWLPL]DWLRQ SURJUDPV ZH QHHG D VLPXODWLRQ
SURFHGXUH WR JHQHUDWH LQWHUHVW UDWH DQG H[FKDQJH UDWH VFHQDULRV 2QFH VXFK VFH
QDULRV DUH JHQHUDWHG WKH FDOFXODWLRQ RI ERQG SULFHV_LQ ERWK GRPHVWLF DQG EDVH
FXUUHQF\_FRQGLWLRQHG RQ WKH REVHUYHG LQWHUHVW UDWHV LV VWUDLJKWIRUZDUG VHH
HJ 0XOYH\ DQG =HQLRV  7KH PRGHO SURYLGHV D VWUXFWXUDO LQWHUSUHWDWLRQ
RI ERQG UHWXUQV UHWXUQV DUH QRW VLPSO\ IRUHFDVWHG RQ WKH EDVLV RI LQIRUPDWLRQ
YDULDEOHV LQVWHDG WKH\ DUH GHGXFHG IURP WKH VFHQDULRV RI LQWHUHVW UDWHV
0RGHOV IRU MRLQWO\ HVWLPDWLQJ LQWHUHVW DQG H[FKDQJH UDWHV DUH SUHYDOHQW LQ WKH
nQDQFH OLWHUDWXUH +RZHYHU WKH SUREOHP RI MRLQWO\ PRGHOLQJ WKHVH SURFHVVHV LQ D
ZD\ WKDW LV FRQVLVWHQW ZLWK PDUNHW REVHUYDWLRQV LV D GLpFXOW RQH DQG WKH VXFFHVV
RI YDULRXV PRGHOV LQ DFFXUDWHO\ SUHGLFWLQJ LQWHUHVW DQG H[FKDQJH UDWH FKDQJHV
KDV EHHQ OLPLWHG 0HHVH DQG 5RJRm  FRPSDUHG WKH SUHGLFWLYH DELOLWLHV
RI D YDULHW\ RI H[FKDQJH UDWH PRGHOV 7KHLU NH\ UHVXOW ZDV WKDW QR H[LVWLQJ
VWUXFWXUDO H[FKDQJH UDWH PRGHO FRXOG UHOLDEO\ RXWSUHGLFW WKH QDLYH DOWHUQDWLYH
RI D UDQGRP ZDON DW VKRUW DQG PHGLXPUXQ KRUL]RQV HYHQ ZKHQ DLGHG E\ DFWXDO
IXWXUH YDOXHV RI WKH UHJUHVVRUV 7KLV H[WUHPHO\ QHJDWLYH nQGLQJ KDV QHYHU EHHQ
HQWLUHO\ FRQYLQFLQJO\ RYHUWXUQHG GHVSLWH PDQ\ DWWHPSWV VHH )UDQNHO DQG 5RVH
 7KH VLPSOH UDQGRP ZDON PRGHO RI WKH H[FKDQJH UDWH KDV EHFRPH WKH
VWDQGDUG EHQFKPDUN IRU HPSLULFDO H[FKDQJH UDWH SHUIRUPDQFH QR PDWWHU KRZ
XQLQWHUHVWLQJ LW LV SHU VH
:H DGRSW LQ WKLV SDSHU D 0RQWH &DUOR VLPXODWLRQ SURFHGXUH WKDW HQFRP
SDVVHV WZR PHWKRGRORJLHV EDVHG RQ UHFHQW nQDQFH OLWHUDWXUH WKDW DUH ZLGHO\
DFFHSWHG E\ SUDFWLWLRQHUV ,QWHUHVW UDWHV DUH JHQHUDWHG XVLQJ ELQRPLDO ODWWLFH
PRGHOV RI WKH WHUP VWUXFWXUH VHH HJ %ODFN 'HUPDQ DQG 7R\  -RLQW
VFHQDULRV RI LQWHUHVW DQG H[FKDQJH UDWHV DUH JHQHUDWHG XVLQJ WKH 9DOXHDW5LVN
PHWKRGRORJ\ VHH 5LVN0HWULFV  FK  7KH VFHQDULR JHQHUDWLRQ SURFH
GXUH XVHV UHDO SUREDELOLWLHV EDVHG RQ 5LVN0HWULFV GDWD WR JHQHUDWH WKH VFHQDULRV
WKDW DUH LQSXW WR WKH RSWLPL]DWLRQ PRGHO DQG ULVNQHXWUDO SUREDELOLWLHV IURP WKH
ELQRPLDO ODWWLFH WR JHQHUDWH IXUWKHU VFHQDULRV WKDW DUH XVHG IRU ERQG SULFLQJ
 ,QWHUHVW UDWH VFHQDULR JHQHUDWLRQ
,QWHUHVW UDWHV DUH JHQHUDWHG IURP D ELQRPLDO ODWWLFH 7KH VKRUWWHUP UDWHV IRU
WLPH SHULRG W DUH DVVXPHG WR EH ORJQRUPDOO\ GLVWULEXWHG DQG WKH WSHULRG VSRW
UDWH LPSOLHG IURP WKH VKRUWWHUP UDWHV LV DVVXPHG WR KDYH D PHDQ YDOXH HTXDO
WR WKH WSHULRG VSRW UDWH JLYHQ E\ WKH FXUUHQW WHUP VWUXFWXUH RI LQWHUHVW UDWHV
DQG YRODWLOLW\ HTXDO WR WKH WSHULRG YRODWLOLW\ RI LQWHUHVW UDWHV $VVXPLQJ IXUWKHU
D GLVFUHWL]HG ELQRPLDO DSSUR[LPDWLRQ RQH REWDLQV D PRGHO VXFK DV WKH RQH JLYHQ
E\ %ODFN 'HUPDQ DQG 7R\  ZKHUHE\ WKH VKRUWWHUP UDWH DW SHULRG W DQG
DW WKH VWK VWDWH RI WKH ELQRPLDO ODWWLFH LV JLYHQ E\
UV




W ￿ DQG INWJ7
W ￿ DUH SDUDPHWHUV RI WKH ELQRPLDO ODWWLFH HVWLPDWHG
XVLQJ WKH SURFHGXUHV GHVFULEHG E\ %ODFN 'HUPDQ DQG 7R\  DQG DOO VWDWHV
RI WKH ODWWLFH DUH HTXLSUREDEOH WKH ODWWLFH GHVFULEHV D ULVNQHXWUDO ZRUOG $
%ODFN'HUPDQ7R\ ODWWLFH LV FDOLEUDWHG IRU HDFK FXUUHQF\ VHSDUDWHO\ XVLQJ WKH
WHUP VWUXFWXUH RI LQWHUHVW UDWHV DQG WKH WHUP VWUXFWXUH RI YRODWLOLW\ IRU HDFK
FRXQWU\
 ([FKDQJH UDWH VFHQDULR JHQHUDWLRQ
,QWHUHVW UDWHV LQ WKH WZR FRXQWULHV DUH NH\ GHWHUPLQDQWV RI WKH H[FKDQJH UDWH
EHWZHHQ WKH FXUUHQFLHV +HQFH ZH DGRSW DQ DSSURDFK ZKHUHE\ H[FKDQJH UDWH
VFHQDULRV DUH FRQGLWLRQDO RQ WKH LQWHUHVW UDWHV RI WKH WZR FXUUHQFLHV WKH EDVH
FXUUHQF\ DQG WKH IRUHLJQ FXUUHQF\ :H DVVXPH WKDW WKH ORJDULWKPV RI WKH UDWLRV
RI H[FKDQJH UDWHV DW SHULRG W WR SHULRG W b  DQG WKH ORJDULWKPV RI WKH UDWLRV
RI VSRW LQWHUHVW UDWHV DW SHULRG W WR SHULRG W b  IROORZ D PXOWLYDULDWH QRUPDO
GLVWULEXWLRQ 7KLV LV D VWDQGLQJ DVVXPSWLRQ LQ 5LVN0HWULFV DQG WKH 9DOXHDW
5LVN PHWKRGRORJ\ DQG LW LV DOVR ZHOO MXVWLnHG LQ WKH FRQWH[W RI RXU PRGHOV￿
:H GHQRWH WKH ORJDULWKPV RI WKH UDWLRV RI DOO UDQGRP YDULDEOHV E\ WKH S
GLPHQVLRQDO UDQGRP YHFWRU  ZKHUH S   P7  Pb 7KH GLPHQVLRQ RI
 LV HTXDO WR WKH QXPEHU RI FXUUHQFLHV WLPHV WKH QXPEHU RI WLPH SHULRGV_IRU
WKH VSRW UDWH UDQGRP YDULDEOHV_SOXV QXPEHU RI FXUUHQFLHV PLQXV _IRU WKH
￿’DLO\ DQG ZHHNO\ UDWHV GR QRW IROORZ QRUPDO GLVWULEXWLRQV￿ KRZHYHU￿ WKHUH LV ODFN RI HP￿
SLULFDO HYLGHQFH DJDLQVW QRUPDOLW\ IRU PRQWKO\ GDWD VXFK DV WKRVH XVHG LQ RXU PRGHO￿
H[FKDQJH UDWHV RI HDFK FXUUHQF\ DJDLQVW WKH EDVH FXUUHQF\ 7KH UHDO SUREDELOLW\
GHQVLW\ IXQFWLRQ RI  LV JLYHQ E\
I   { 











ZKHUH x LV WKH H[SHFWHG YDOXH RI  DQG h LV WKH FRYDULDQFH PDWUL[
7KH FRYDULDQFH PDWUL[ h DQG WKH H[SHFWHG YDOXHV x RI DOO UDQGRP YDULDEOHV
LQYROYHG LQ WKH PRGHO DUH DYDLODEOH RQ D GDLO\ EDVLV E\ 5LVN0HWULFV DQG FDQ
EH XVHG WR EXLOG WKH PXOWLQRUPDO GLVWULEXWLRQ 2QFH WKH PXOWLYDULDWH QRUPDO
GLVWULEXWLRQ LV EXLOW ZH FDQ XVH LW LQ 0RQWH &DUOR VLPXODWLRQV XVLQJ HLWKHU WKH
VWDQGDUG &KROHVN\ IDFWRUL]DWLRQ DSSURDFK VHH HJ 5LVN0HWULFV  FK 
RU WKH VFHQDULR JHQHUDWLRQ SURFHGXUHV EDVHG RQ SULQFLSDO FRPSRQHQW DQDO\VLV
GLVFXVVHG LQ -DPVKLGLDQ DQG =KX  :H GR QRW XVH DQ\ RQH RI WKHVH DS
SURDFKHV LQ RXU VLPXODWLRQV VLQFH ZH KDYH DGGLWLRQDO LQIRUPDWLRQ RQ WKH LQWHUHVW
UDWH UDQGRP YDULDEOHV IURP WKH ELQRPLDO ODWWLFH ZKLFK ZH ZRXOG OLNH WR LQFRU
SRUDWHG LQ RXU VDPSOLQJ RI WKH PXOWLQRUPDO GLVWULEXWLRQ
:H SDUWLWLRQ WKH PXOWLYDULDWH QRUPDO YDULDEOH  LQWR WZR VXEYHFWRUV ￿ DQG
￿ ZKHUH ￿ LV WKH YHFWRU RI GLPHQVLRQ S￿   P7 RI UDQGRP YDULDEOHV FRUUH
VSRQGLQJ WR LQWHUHVW UDWHV DQG ￿ LV WKH YHFWRU RI GLPHQVLRQ S￿   P b R I













,W LV NQRZQ VHH HJ -REVRQ  FK  WKDW WKH PDUJLQDO SUREDELOLW\ GHQVLW\
IXQFWLRQ RI ￿ JLYHQ ￿   e
￿ LV
I￿ M ￿   e











ZKHUH WKH FRQGLWLRQDO H[SHFWHG YDOXH DQG FRYDULDQFH PDWUL[ DUH JLYHQ E\
x￿￿￿
e








h￿￿￿￿  h ￿￿ b h￿￿h
b￿
￿￿ h￿￿ 
UHVSHFWLYHO\ ([FKDQJH UDWH VFHQDULRV IRU SHULRG W FRQGLWLRQHG RQ YDOXH RI WKH
LQWHUHVW UDWHV YHFWRU JLYHQ E\ e
￿ FDQ EH JHQHUDWHG IURP WRGD\
V H[FKDQJH UDWHV
DQG WKH PXOWLYDULDWH QRUPDO YDULDEOHV IURP  WKURXJK WKH H[SUHVVLRQ
HWL   H￿LH}L
S
W￿￿L
ZKHUH H￿L LV WRGD\
V H[FKDQJH UDWH IRU WKH L FXUUHQF\ }L LV WKH SHULRG YRODWLOLW\
RI WKH LWK H[FKDQJH UDWH DQG ￿L LV WKH FRQGLWLRQDO PXOWLYDULDWH UDQGRP YDULDEOH
FRUUHVSRQGLQJ WR WKH LWK H[FKDQJH UDWH
 6DPSOLQJ VFHQDULRV
7KH SURFHGXUHV GHVFULEHG DERYH DOORZ XV WR JHQHUDWH D ODUJH QXPEHU RI VFHQDU
LRV RI ERWK LQWHUHVW UDWHV DQG H[FKDQJH UDWHV :H GHVFULEH KHUH RXU VFHQDULR
VDPSOLQJ SURFHGXUH )LUVW ZH QRWH WKDW WKH WLPH KRUL]RQ IRU WKH LQGH[DWLRQ
PRGHO LV RI WKH RUGHU RI D IHZ PRQWKV 'XULQJ WKLV WLPH LQWHUYDO ZH JHQHUDWH
H[KDXVWLYHO\ DOO LQWHUHVW UDWH VFHQDULRV IURP WKH ELQRPLDO ODWWLFH )RU LQVWDQFH
IRU D PRQWK KRUL]RQ ZH KDYH  LQWHUHVW UDWH SDWKV IRU HDFK FXUUHQF\ 7KH
SUREDELOLW\ PDVV IXQFWLRQV IRU DOO SRVVLEOH FRPELQDWLRQV RI WKHVH SDWKV HJ
 d  d  IRU D WKUHH FXUUHQF\ PRGHO DUH FDOFXODWHG E\ LQWHJUDWLQJ WKH PXOWL
YDULDWH QRUPDO SUREDELOLW\ GHQVLW\ IXQFWLRQ  XVLQJ WKH FRYDULDQFH PDWUL[ RI
LQWHUHVW UDWHV DV REWDLQHG IRU H[DPSOH E\ 5LVN0HWULFV :KLFK VFHQDULRV IURP
WKH ODUJH QXPEHU JHQHUDWHG  d  d  LQ WKLV H[DPSOH GR ZH LQFOXGH LQ WKH
VFHQDULR RSWLPL]DWLRQ PRGHO" :H VHOHFW D VPDOO IUDFWLRQ DURXQG WK RI WKH
WRWDO QXPEHU RI VFHQDULRV RI WKH H[WUHPH VFHQDULRV WKDW LV VFHQDULRV ZKHUHE\
WKH LQWHUHVW UDWHV LQ RQH RU PRUH FXUUHQF\ WDNH DQ H[WUHPH SDWK RI WKH ELQRPLDO
ODWWLFH VXFK DV ?DOOXS RU ?DOOGRZQ :H DOVR VHOHFW DQ DGGLWLRQDO  RI WKH
WRWDO QXPEHU RI VFHQDULRV IURP WKRVH VFHQDULRV WKDW DUH WKH PRVW OLNHO\
+DYLQJ WKXV JHQHUDWHG LQWHUHVW UDWH VFHQDULRV ZH FDQ FRQGLWLRQ RQ WKHVH
YDOXHV DQG VDPSOH HTXDWLRQ  WR REWDLQ H[FKDQJH UDWH VFHQDULRV :H VDPSOH
WHQ H[FKDQJH UDWH VFHQDULRV IRU HDFK WXSOH RI LQWHUHVW UDWH VFHQDULRV
 6RPH HPSLULFDO UHVXOWV
7KH VLPXODWLRQ PRGHOV GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ ZHUH WHVWHG RQ D VHW RI
GDWD REWDLQHG IURP WKH 6DORPRQ %URWKHUV ERQG LQGH[ IRU WKH 8QLWHG 6WDWHV *HU
PDQ\ DQG 6ZLW]HUODQG 2XU GDWD EDVH KDV  WHUP VWUXFWXUHV VWDUWLQJ LQ -DQ
XDU\  LQ PRQWKO\ VWHSV IRU WKH WKUHH FRXQWULHV &RUUHODWLRQ PDWULFHV ZHUH
FDOFXODWHG XVLQJ WKH 5LVN0HWULFV PHWKRGRORJ\ IRU HVWLPDWLQJ YRODWLOLWLHV XVLQJ
WKHVH KLVWRULFDO GDWD :H DSSOLHG WKH 5LVN0HWULFV PHWKRGRORJ\ ZLWK H[SRQHQ
WLDO VPRRWKLQJ WR WKH GDWD VHW LQ RUGHU WR HVWLPDWH YRODWLOLWLHV DQG FRUUHODWLRQV
PDWULFHV :H HVWLPDWH YRODWLOLWLHV RI WKH VSRW LQWHUHVW UDWHV IRU GLmHUHQW PDWX
ULWLHV WKXV ZH REWDLQ DQ HVWLPDWH RI WKH WHUP VWUXFWXUH RI KLVWRULFDO YRODWLOLWLHV
7KH FRHpFLHQWV RI WKH H[SRQHQWLDO VPRRWKLQJ PRGHO ZHUH DURXQG  VKRZLQJ
WKH ORZ SHUVLVWHQFH RI YRODWLOLW\ VKRFNV DV D UHVXOW RI XVLQJ PRQWKO\ GDWD WKLV
LV FRQVLVWHQW ZLWK WKH SURSHUWLHV RI *$5&+ PRGHOV ZKHUHE\ WKH PDJQLWXGH RI
WKH FRUUHODWLRQ FRHpFLHQWV GHFOLQHV H[SRQHQWLDOO\ ZLWK WKH WLPH KRUL]RQ :H
DVVXPH WKDW WKH FDOFXODWHG YRODWLOLW\ ZRXOG UHPDLQ FRQVWDQW RYHU WLPH DQG ZH
XVH WKLV YDOXH DV WKH WHUP VWUXFWXUH RI YRODWLOLWLHV LQ FDOLEUDWLQJ WKH ELQRPLDO
ODWWLFH 7HUP VWUXFWXUHV RI LQWHUHVW UDWHV_WKDW DUH DOVR QHHGHG WR FDOLEUDWH WKH
ELQRPLDO ODWWLFHV_DUH DYDLODEOH IURP KLVWRULFDO GDWD $OO PRGHOV DUH EXLOW XVLQJ
WLPH VWHSV RI RQH PRQWK DQG WKH ELQRPLDO ODWWLFH PRGHOV H[WHQG \HDUV LQWR
WKH IXWXUH
,Q )LJXUHV  ZH VKRZ WKH UHVXOWV RI WKH VLPXODWLRQ PRGHO IRU JHQHUDWLQJ
VFHQDULRV RI WKH PRQWK DQG PRQWK IRUZDUG LQWHUHVW UDWHV IRU WKH 86' RYHU WKH
SHULRG 'HFHPEHU  WR 0DUFK  $V H[SHFWHG WKH VFHQDULRV IRU WKH PRQWK
IRUHFDVW DUH PRUH GLVSHUVHG DQG LQ PRVW RI WKH WHVWHG SHULRGV WKHVH VFHQDULRV
FRYHU WKH REVHUYHG LQWHUHVW UDWHV )RU WKH PRQWK IRUHFDVW ZH KDYH RQO\ IRXU
SRVVLEOH VFHQDULRV DQG TXLWH RIWHQ WKHVH DUH QRW VXpFLHQW WR FRYHU WKH REVHUYHG
UDWH +RZHYHU WKH HUURUV WHQG WR EH VPDOOHU IRU WKH PRQWK IRUHFDVW WKDQ IRU
WKH PRQWK IRUHFDVW $V ZH ZLOO VHH ODWHU WKHVH LQWHUHVW UDWH VFHQDULRV VHHP WR
EH DGHTXDWH WR FDSWXUH WKH YRODWLOLW\ RI WKH ERQG LQGLFHV HVSHFLDOO\ IRU WKH PRVW
UHFHQW SHULRGV +RZHYHU WKH PRGHOLQJ RI LQWHUHVW UDWH VFHQDULRV LV DQ DUHD ZKHUH
IXUWKHU LPSURYHPHQWV RI WKH PRGHO DUH UHTXLUHG )RU LQVWDQFH ZH FRXOG FRQVLGHU
WKH XVH RI VPDOOHU WLPH VWHSV_ZHHNO\ RU GDLO\ LQVWHDG RI PRQWKO\_DQG PRUH
DFFXUDWH YRODWLOLW\ HVWLPDWHV VR WKDW PRUH GLVSHUVHG VFHQDULRV FDQ EH JHQHUDWHG
IRU WKH VKRUW WHUP UDWHV
)LJXUHV  DQG  VKRZ WKH VLPXODWHG UHWXUQV RI WKUHH FRXQWU\ LQGLFHV DQG RI
WKH JOREDO LQGH[ UHWXUQV LQ WKH EDVH 86' FXUUHQF\ RYHU D VHYHQ PRQWK SHULRG
IURP 0DUFK  6DORPRQ %URWKHUV LQGH[ GDWD IRU 2FWREHU  LV PLVVLQJ
IURP RXU GDWDEDVH DQG WKLV PRQWK LV QRW LQFOXGHG LQ WKH nJXUH 7KH PRQWK
VFHQDULR IRUHFDVWV DUH VKRZQ WRJHWKHU ZLWK WKH YDOXHV UHDOL]HG E\ WKH LQGLFHV
:LWK WKH H[FHSWLRQ RI WKH 86' LQGH[ ZH REVHUYH WKDW LQ DOO RWKHU FDVHV WKH
VFHQDULRV DUH DGHTXDWH LQ FDSWXULQJ WKH WUXH FKDQJHV RI WKH LQGH[ 3DUWLFXODUO\
HQFRXUDJLQJ LV WKH nJXUH RQ WKH JOREDO LQGH[ ZKHUH ZH REVHUYH WKDW WKH VFHQDULRV
LQ DOO FDVHV FRYHU WKH PDUNHW YDOXHV DQG WKH PHDQ YDOXH RI WKH VFHQDULRV LV FORVH
WR WKH PDUNHW YDOXH
)LJXUH  6FHQDULR JHQHUDWLRQ IRU WKH IRUZDUG LQWHUHVW UDWHV LQ 86' 9HUWLFDO OLQHV
LOOXVWUDWH WKH UDQJH RI LQWHUHVW UDWH VFHQDULRV IRU WKH GDWH VKRZQ DQG WKH EXOOHW
VKRZV WKH LQWHUHVW UDWH WKDW ZDV REVHUYHG RQ WKH SDUWLFXODU GDWH 6FHQDULRV ZHUH
IRUHFDVW EDVHG RQ LQIRUPDWLRQ DYDLODEOH  DQG  PRQWKV UHVSHFWLYHO\ EHIRUH WKH
VKRZQ GDWHV
)LJXUH  6FHQDULR JHQHUDWLRQ IRU WKH 6ZLVV )UDQF 86 'ROODU DQG 'HXWFKPDUN
LQGLFHV LQ GRPHVWLF FXUUHQF\ 6FHQDULRV DUH IRUHFDVW XVLQJ LQIRUPDWLRQ DYDLODEOH
 EHIRUH WKH VKRZQ GDWHV
)LJXUH  6FHQDULR JHQHUDWLRQ IRU WKH 6DORPRQ %URWKHUV *OREDO LQGH[ LQ WKH EDVH
FXUUHQF\ 86' 6FHQDULRV DUH IRUHFDVW XVLQJ LQIRUPDWLRQ DYDLODEOH  PRQWKV
EHIRUH WKH VKRZQ GDWHV
 &RQFOXVLRQV
:H FRQFOXGH IURP WKH HPSLULFDO GDWD WKDW IXUWKHU LPSURYHPHQWV DUH UHTXLUHG LQ
WKH VLPXODWLRQ RI LQWHUHVW UDWHV DQG SHUKDSV EHWWHU HVWLPDWHV RI WKH YRODWLOLWLHV
HVSHFLDOO\ IRU WKH 86' GDWD +RZHYHU WKH MRLQW JHQHUDWLRQ RI UHWXUQV RI WKH WKUHH
PDUNHW LQGLFHV LQ WKH EDVH FXUUHQF\ DSSHDUV WR EH VXpFLHQWO\ DFFXUDWH WR JLYH
VRPH DVVXUDQFH WKDW WKH VWRFKDVWLF SURJUDPPLQJ PRGHOV GHYHORSHG LQ WKLV SDSHU
ZLOO EH HmHFWLYH LQ WUDFNLQJ WKH PDUNHW LQGLFHV 2EYLRXVO\ WKH PRGHO ZLOO IDLO
WR WUDFN WKH LQGLFHV LI WKH\ DUH EXLOW RQ VFHQDULRV WKDW GR QRW FDSWXUH SRWHQWLDO
UHDOL]DWLRQV RI WKH PDUNHWV 7KH LPSOHPHQWDWLRQ DQG WHVWLQJ RI WKH VWRFKDVWLF
SURJUDPPLQJ LQGH[DWLRQ PRGHOV LV WKH WRSLF RI FXUUHQW LQYHVWLJDWLRQV
:KLOH LQ WKH SDSHU ZH WDON RQO\ DERXW LQWHUHVW UDWH DQG H[FKDQJH UDWH ULVN
WKHUH DUH RWKHU VRXUFHV RI ULVN WKDW DUH RI FRQFHUQ WR DQ LQWHUQDWLRQDO ERQG SRUW
IROLR PDQDJHU )RU H[DPSOH WKH LQWURGXFWLRQ RI (852 LQ D FRPPRQ (XURSHDQ
nQDQFLDO PDUNHW ZLOO FUHDWH WKH QHHG WR PRGHO FUHGLW VSUHDGV EHWZHHQ ERQGV RI
GLmHUHQW PDWXULWLHV RI WKH PHPEHU FRXQWULHV 7KHVH VSUHDGV FDQ EH FDOFXODWHG
DV SDLUZLVH GLmHUHQWLDOV EHWZHHQ WKH WHUP VWUXFWXUHV RI VSRW LQWHUHVW UDWHV RI
WKH GLmHUHQW FXUUHQFLHV PXFK LQ WKH VDPH ZD\ WKDW /LWWHUPDQ DQG ,EHQ 
PRGHO WKH FUHGLW VSUHDG RI FRUSRUDWH ERQGV RYHU 7UHDVXU\ ERQGV +RZHYHU
PRGHOLQJ WKH YRODWLOLW\ RI FUHGLW VSUHDGV ZKHQ QR KLVWRULFDO GDWD LV \HW DYDLODEOH
LV LPSRVVLEOH DQG ZH PD\ QHHG WR UHVRUW WR VXEMHFWLYH HVWLPDWHV
)XUWKHUPRUH LW LV TXLWH RIWHQ WKH FDVH WKDW DQ HQKDQFHG LQGH[DWLRQ VWUDWHJ\
LV IROORZHG ZKHUHE\ WKH LQGH[ FDQ EH PDWFKHG RU RXWSHUIRUPHG E\ LQYHVWPHQWV
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